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CATALYST LAYER EDGE PROTECTION FOR ENHANCED 
MEA DURABILITY IN PEM FUEL CELLS 

FIELD OF THE INVENTION 
5 [0001] The present invention relates to fuel cells and, more 

particularly, to a membrane electrode assembly for a fuel cell. 

BACKGROUND OF THE INVENTION 
[0002] Fuel cells have been proposed as a power source for electric 
10 vehicles and other applications. One such fuel cell is the PEM (i.e. Proton 
Exchange Membrane) fuel cell that includes a so-called "membrane-electrode- 
assembly" (MEA) comprising a thin, solid polymer membrane-electrolyte having 
a pair of electrodes (i.e., an anode and a cathode) on opposite faces of the 
membrane-electrolyte. The MEA is sandwiched between planar gas distribution 
15 elements. 

[0003] The electrodes are typically of a smaller surface area as 
compared to the membrane electrolyte such that edges of the membrane 
electrolyte protrude outward from the electrodes. On these edges of the 
membrane electrolyte, gaskets or seals are disposed to peripherally frame the 
20 electrodes. Due to the limitations of manufacturing tolerances, the seals, MEA, 
and gas distribution elements are not adequately closely aligned. Thus, there is 
a need for improved arrangement of these elements. 

SUMMARY OF THE INVENTION 

25 [0004] The present invention provides a membrane electrode 

assembly comprising an ionically conductive member and an electrode, wherein 
the electrode is a relatively smooth, continuous layer that essentially completely 
covers and supports the ionically conductive member. The electrode includes a 
central region and a peripheral region, wherein a gradient of electrochemically 

30 active material exists between the central region and the peripheral region, such 
that a content of the electrochemically active material is greater in the central 
region than the peripheral region. In one embodiment, the active region 
comprises polymeric ionomer and catalyzed carbon particles; and the peripheral 
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region comprises the polymeric ionomer and uncatalyzed carbon particles. In 
one preferred embodiment, the respective central and peripheral regions 
comprise respective materials having at least one property which is 
approximately the same, namely, at least one of: similar tensile strength, similar 
5 non-standard modulus, similar elongation to break, similar specific gravity, 
similar water uptake, and similar linear expansion. In a preferred method of 
manufacture, a first ink containing the active region constituents is deposited on 
a membrane and then a second ink containing the peripheral region constituents 
is deposited before the first ink cures or dries. Thus, an intermediate region is 
10 formed having a catalyst content between that of the active and peripheral 
regions, as the inks intermingle or particles migrate there between. As can be 
seen, the electrode layer so formed is continuous over the face of the 
membrane. Thus, stresses engineered by prior art seals or gaskets are 
obviated. 

15 [0005] Further areas of applicability of the present invention will 

become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0007] Figure 1 is a cross-sectional view of a membrane electrode 
25 assembly according to a first embodiment of the present invention; 

[0008] Figure 2 is a cross-sectional view of a prior art membrane 
electrode assembly; 

[0009] Figure 3a is a cross-sectional view of a membrane electrode 
assembly according to a first and second embodiment of the present invention 
30 where the anode and cathode electrodes are disposed on an ionicaliy conductive 
member; 
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[0010] Figure 3b is a cross-sectional view of a membrane electrode 
assembly according to a first and second embodiment of the present invention 
where the anode and cathode electrodes are disposed on gas diffusion media; 

[0011] Figure 4 is an exploded, perspective view of a membrane 
5 electrode assembly according to a first and second embodiment of the present 
invention; 

[0012] Figure 5a is a cross-sectional view of a membrane electrode 
assembly according to a third embodiment of the present invention where the 
anode and cathode electrodes are disposed on an ionically conductive member; 
10 [0013] Figure 5b is a cross-sectional view of a membrane electrode 

assembly according to a third embodiment of the present invention where a resin 
may also be used to coat edges of the diffusion media; and 

[0014] Figure 6 is a graph of average cell potential versus runtime 
comparing a prior art MEA with an MEA according to the first embodiment. 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0015] The following description of the preferred embodiments is 

merely exemplary in nature and is in no way intended to limit the invention, its 

application, or uses. 

20 [0016] Figure 1 is a cross-sectional view of a membrane electrode 

assembly (MEA) according to the present invention. As shown in Figure 1 , the 
MEA 2 includes an ionically conductive member 4 sandwiched by an anode 
electrode 6 and a cathode electrode 8. The MEA 2 is further sandwiched by a 
pair of electrically conductive members 10 and 12, or gas diffusion media 10 and 

25 12. The gas diffusion media 10 and 12 are peripherally surrounded by frame- 
shaped gaskets 14 and 16. Gaskets 14 and 16 and diffusion media 10 and 12 
may or may not be laminated to the ionically conductive member 4 and/or the 
electrodes 6 and 8. 

[0017] The ionically conductive member 4 is preferably a solid polymer 

30 membrane electrolyte, and preferably a PEM. Member 4 is also referred to 
herein as a membrane. Preferably, the ionically conductive member 4 has a 
thickness in the range of about 10 pm - 100 pm, and most preferably a 
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thickness of about 25 pm. Polymers suitable for such membrane electrolytes are 
well known in the art and are described in U.S. Pat. Nos. 5,272,017 and 
3,134,697 and elsewhere in the patent and non-patent literature. It should be 
noted, however, that the composition of the ionically conductive member 4 may 
5 comprise any of the proton conductive polymers conventionally used in the art. 
Preferably, perfluorinated sulfonic acid polymers such as NAFION® are used. 
Furthermore, the polymer may be the sole constituent of the membrane, contain 
mechanically supporting fibrils of another material, or be interspersed with 
particles (e.g., with silica, zeolites, or other similar particles). Alternatively, the 

10 polymer or ionomer may be carried in the pores of another material. 

[0018] In the fuel cell of the present invention, the ionically conductive 
member 4 is a cation permeable, proton conductive membrane, having H + ions 
as the mobile ion; the fuel gas is hydrogen (or reformate) and the oxidant is 
oxygen or air. The overall cell reaction is the oxidation of hydrogen to water and 

15 the respective reactions at the anode and cathode are H 2 = 2H + + 2e" (anode) 
and Yz 0 2 + 2H + + 2e" = H 2 0 (cathode). 

[0019] The composition of the anode electrode 6 and cathode 
electrode 8 preferably comprises electrochemically active material dispersed in a 
polymer binder which, like the ionically conductive member 4, is a proton 

20 conductive material such as NAFION®. The electrochemically active material 
preferably comprises catalyst-coated carbon or graphite particles. The anode 
electrode 6 and cathode electrode 8 will preferably include platinum-ruthenium, 
platinum, or other Pt/transition~metal~alloys as the catalyst. Although the anode 
6 and cathode 8 in the figures are shown to be equal in size, it should be noted 

25 that it is not out of the scope of the invention for the anode 6 and cathode 8 to be 
of different size (i.e., the cathode larger than the anode or vice versa). A 
preferred thickness of the anode and cathode is in the range of about 2-30 pm, 
and most preferably about 10 pm. 

[0020] The gas diffusion media 10 and 12 and gaskets 14 and 16 may 

30 be any gas diffusion media or gasket known in the art. Preferably, the gas 
diffusion media 10 and 12 are carbon papers, carbon cloths, or carbon foams 
with a thickness of in the range of about 50 - 300 pm. The gaskets 14 and 16 
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are typically elastomeric in nature but may also comprise materials such as 
polyester and PTFE. However, the gaskets 14 and 16 may be any material 
sufficient for sealing the membrane electrode assembly 2. A preferred thickness 
of the gaskets 14 and 16 is approximately V* the thickness of the gas diffusion 
5 media 10 and 12 to about 1 14 times the thickness of the gas diffusion media 10 
and 12. 

[0021] In accordance with a first embodiment of the invention shown in 
Figure 1, the anode electrode 6 and cathode electrode 8 are disposed on 
opposing surfaces of the ionically conductive member 4 so as to completely 

10 cover the ionically conductive member 4. Disposing the electrodes 6 and 8 to 
completely cover the ionically conductive member 4 provides protection for the 
ionically conductive member 4 from puncture by the fibers of the porous gas 
diffusion media 10 and 12. Moreover, disposing the electrodes 6 and 8 to 
completely cover the ionically conductive member 4 provides mechanical 

1 5 support throughout the entire surface of the ionically conductive member 4. 

[0022] Before further describing the invention, it is useful to understand 
the problem herein identified in the prior art design. 

[0023] The prior art ME A 24, as can be seen in Figure 2, includes 
electrodes 26 and 28 with a much smaller surface area in comparison to the 

20 membrane electrolyte 30 such that edges 32 of the membrane electrolyte 30 
protrude outward from the electrodes 26 and 28. On these edges 32 of the 
membrane electrolyte 30, rest sub-gaskets 34 and 36, that are disposed to 
surround the electrodes 26 and 28. Gas diffusion media 38 and 40 sit upon the 
sub-gaskets 34 and 36. Gaskets 42 and 44 surround the gas diffusion media 38 

25 and 40. 

[0024] Due to difficulty in manufacturing to tight tolerances, there is a 
gap 50 between the electrode 26 and sub-gasket 34. A similar gap 52 exists 
between electrode 28 and sub-gasket 36. Such gaps 50, 52 act as a living 
hinge, permitting membrane 32 to flex. Such hinge action leads to stress and 
30 tears, rips or holes. This also leads to stress as the compressive force acting on 
membrane 32 differs due to such difference in height. For example, if the sub- 
gasket 34 or 36 is higher than the electrode 26 or 28, the compressive forces on 
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the subgasket 34 or 36 will be too high, if the sub-gasket 34 or 36 is shorter than 
the electrode 26 or 28, the compressive forces on the electrode 26 or 28 will be 
too high. Thus, the arrangement typical in the prior art causes a small gap 
formed between the sub-gaskets 34 and 36 and the electrodes 26 and 28. This 
5 small gap leaves a small portion of the membrane electrolyte 32 unsupported. 
Furthermore, if the sub-gaskets 34 and 36 are thicker than the electrodes 26 and 
28, they form a "step" upon which gas diffusion media 38 and 40, which are 
typically porous graphite/carbon paper, rest. Gas diffusion media 38 and 40 
assist in dispersing reactant gases H 2 and 0 2 over the electrodes 26 and 28 and 

10 conduct current from the electrodes 26 and 28 to lands of the electrically 
conductive bipolar plates (not shown). As such, in order to facilitate electrical 
conductivity between the gas diffusion media 38 and 40 and electrodes 26 and 
28, the membrane electrode assembly 24 needs to be compressed at a high 
pressure. This puts a great deal of stress on the unsupported portion of the 

15 membrane electrolyte 32 which may cause it to develop small pinholes or tears. 
The pinholes are also caused by the carbon or graphite fibers of the diffusion 
media 38 and 40 puncturing the membrane electrolyte 32. These pinholes and 
tears cause the fuel cell to short and produce a lower cell potential. 

[0025] It should be noted that although sub-gaskets 34 and 36 are 

20 depicted in Figure 2 beneath gaskets 42 and 44, sub-gaskets 34 and 36 are not 
necessarily used. More particularly, only gaskets 42 and 44 may be present, 
directly disposed on the membrane electrolyte 30. Nevertheless, due to 
manufacturing tolerances, gaps 50 and 52 would still be present and therefore, 
the membrane electrolyte 30 is still unsupported and subjected to undue stress 

25 when compressed in a stack. 

[0026] Accordingly, uniform mechanical support of the ionically 
conductive member 4, which is a very delicate material, provided by the present 
invention is a significant improvement that reduces any potential variations in 
compressive force on the ionically conductive member 4, thereby reducing the 

30 possibility of creep and rupture. Moreover, when a perfluorinated sulfonic acid 
polymer such as NAFION® is used, linear expansion of the ionically conductive 
member 4 becomes an issue. More particularly, in the presence of water, 
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perfluorinated sulfonic acid polymers such as NAFION® may have a water 
intake of up to 50% and a linear expansion that ranges between 15 and 50% 
(15% if the member 4 is unrestrained, and up to 50% if the member 4 is 
restrained to movements in only one dimension (the latter is the case for MEAs 

5 assembled in a fuel cell stack)). As the overall reaction of the fuel cell produces 
water as a product, this "swelling" of the ionically conductive member 4 may 
cause the ionically conductive member 4 to be unsupported around its edges. 

[0027] When the anode electrode 6 and cathode electrode 8 are 
disposed to completely cover the entire surface of the ionically conductive 

10 member 4 (see Fig. 1), however, this linear expansion is restricted, and 
therefore, the ionically conductive member 4 remains supported throughout its 
entire surface. As stated above, the anode electrode 6 and cathode electrode 8 
are comprised of catalyst-coated carbon or graphite particles embedded in a 
polymer binder which, like the ionically conductive member 4, is a proton 

15 conductive material such as NAFION®. Although a polymer or ionomer binder 
such as NAFION® is used, the swelling of the binder does not lead to significant 
dimensional changes of the electrodes since the ionomer in the electrode can 
expand into the voids in the electrode (typical void volume fraction of electrodes 
is 50±25%). 

20 [0028] The carbon or graphite particles do not swell in the presence of 

water, are very porous, and have a high surface area. As the anode 6 and 
cathode 8 become hydrated in the humid fuel cell, the binder swells and fills the 
pores between the carbon or graphite. Since the swelling binder fills the pores of 
the carbon or graphite particles, the linear expansion of the electrodes 6 and 8 is 

25 restricted. As such, when the anode electrode 6 and cathode electrode 8 are 
adhered to the entire surface of the ionically conductive member 4, the linear in- 
plane expansion of the ionically conductive member 4 is also restricted. 

[0029] Furthermore, it should be understood that the anode electrode 
6 and cathode electrode 8 are disposed over the ionically conductive member 4 

30 as continuous, smooth layers which provides an essentially flat surface for the 
other elements of the ME A 2 to rest upon. This is beneficial in that when 
elements such as the diffusion media 10 and 12 and gaskets 14 and 16 are 
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compressed along with the MEA 2 (see Fig. 1) in a fuel cell to facilitate and 
enhance the electrical conductivity of the electrons produced in the 
electrochemical reaction of the fuel cell, the ionically conductive member 4 will 
be subjected to uniform pressure throughout its surface. When the ionically 
5 conductive member 4 is subjected to uniform pressures throughout its surface, 
undue stress on the ionically conductive member 4 will be eliminated. As such, 
the tears and pinholes that may develop and shorten the life of the MEA and 
inhibit the overall cell potential will also be eliminated. 

[0030] Although catalyzed carbon or graphite particles dispersed in a 

10 proton conductive binder such as NAFION® has been described and is 
preferable, the essential aspect of the present invention is the subjecting of the 
ionically conductive member 4 to the same mechanical properties throughout its 
entire surface. As such, it is not out of the scope of the present invention to 
substitute different materials in place of the carbon or graphite-supported 

15 catalyst particles and the proton conductive binder. For example, electrically 
conductive oxides, and particularly electrically conductive metal oxides may be 
used as support material for the catalytically active phase (e.g., Pt, Pt-metals, Pt- 
alloys, etc.) rather than carbon or, alternatively, unsupported catalysts (e.g., Pt 
black, Pt-metal blacks, etc.) may be used. 

20 [0031] It is also preferable that the above mentioned catalyst support 

materials have a particle size equal to or less than 15 pm, be chemically stable 
in the fuel cell environment (i.e., an acidic environment, at anodic potentials (0V 
vs. RHE) in the presence of H 2 , at cathodic potentials (1.2V vs. RHE) in the 
presence of air or 0 2 , and traces of fluoride), and have a sufficient thermal 

25 conductivity, preferably equal or greater than carbon or graphite particles. 

[0032] In a unique variation of the first embodiment, it may be 
preferable that the anode electrode 6 and cathode electrode 8 each comprise a 
central region 18 and a peripheral region 20 as can be seen in Figures 3a, 3b, 
and 4. The central region 18 comprises a first catalyst content and the 

30 peripheral region 20, which frames the central region 18, comprises a second 
catalyst content, wherein the first catalyst content is greater than the second 
catalyst content. Specifically, it is preferable that the central region 18 of the 
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anode 6 and cathode 8 comprise a catalyst loading in the range of about 0.05 — 
0.5 mg/cm 2 of the catalytically active phase (e.g., Pt). It is particularly preferable 
that the central region comprise a catalyst loading of about 0.2 mg/cm 2 of the 
catalytically active phase (e.g., Pt). The peripheral region 20 preferably 
5 comprises a catalyst loading less than the above described ranges, and more 
preferably comprises a zero catalyst loading. 

[0033] There is no limitation to how the anode electrode 6 and cathode 
electrode 8 are disposed to protect the ionically conductive member 4 and 
subject the member 4 to uniform mechanical properties. In Figure 3a, the anode 

10 electrode 6 and cathode electrode 8 including the central region 18 and 
peripheral region 20 are coated on the ionically conductive member 4 to 
completely cover the ionically conductive member 4. The diffusion media 10 and 
12 rest upon the anode electrode 6 and the cathode electrode 8. Gaskets 14 
and 16 frame the diffusion media 10 and 12 and also rest upon anode electrode 

15 6 and cathode electrode 8 to seal the assembly 2. The gaskets 14 and 16 and 
diffusion media 10 and 12 may or may not be laminated to the anode electrode 6 
and cathode electrode 8. 

[0034] In contrast, as shown in Figure 3b, the anode electrode 6 and 
cathode electrode 8 may be coated onto the diffusion media 10 and 12. Gaskets 

20 14 and 16 are now disposed to contact the ionically conductive member 4. The 
diffusion media 10 and 12 including the anode 6 and cathode 8 may or may not 
be laminated to the ionically conductive member 4. Furthermore, the gaskets 14 
and 16 may or may not be laminated to the diffusion media 10 and 12. 

[0035] It should be understood that when the anode electrode 6 and 

25 cathode electrode 8 are coated onto the membrane 4, the anode electrode 6 and 
cathode electrode 8 do not necessarily extend to the edges of membrane 4 as 
shown in Figure 3a. More specifically, the anode electrode 6 and cathode 
electrode 8 may be coated on the membrane 4 similarly to the configuration 
shown in Figure 3b, where gaskets 14 and 16 are also disposed to contact the 

30 ionically conductive member 4. 

[0036] It should also be understood that a definitive border between 
the central region 18 and peripheral region 20 does not necessarily exist as 
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shown in Figures 3a, 3b, and 4. More particularly, it should be understood that 
essentially a gradient exists between the central region 18 and the peripheral 
region 20 such that the content of catalyst gradually moves from a greater 
content in the central region 18 to lesser content in the peripheral region 20. 
5 This gradient will exist over the course of, for example, 1 mm. 

[0037] It should also be understood that another important aspect of 
the invention is to avoid a discontinuity of material in the anode 6 electrode and 
cathode electrode 8. More specifically, the anode electrode 6 and cathode 
electrode 8 should each exist in this variation as a smooth, continuous layer so 

10 that the ionically conductive member 4 faces an electrode layer having 
essentially uniform mechanical properties throughout its entire surface which will 
protect the ionically conductive member 4 from stress, over-compression, and 
puncture. Moreover, MEA processing (such as hot-pressing to decal-transfer 
electrodes to membrane) to manufacture MEAs by the prior art design could 

15 cause weakening of the catalyst edges. This could be due to the property of the 
ionomeric materials to flow at high temperatures (>90 °C) and high compression, 
exacerbated by the presence of prominent catalyst edge. Manufacturing an 
edge-less MEA by introducing a periphery makes this a lesser problem. 

[0038] Employing an electrode configuration wherein the central region 

20 18 has a catalyst content greater than a catalyst content of the peripheral region 
20 provides an advantage in that the expensive catalyst, which preferably 
comprises metal catalysts such as platinum, palladium, titanium, ruthenium, 
rhodium, tungsten, tin, or molybdenum, will not be used in areas where the 
(electro-)chemical reaction is inhibited or not desired. Such an area is located at 

25 the edges of the electrically conductive gas diffusion media 10 and 12. 

[0039] Another advantage of a design where the catalyst content in the 
peripheral region 20 is less than the central region 18 is that the generation of 
heat is suppressed. The electrochemical reaction of hydrogen and oxygen in the 
fuel cell produces, in addition to water, heat. In a fuel cell, the heat generated by 

30 the electrochemical reaction (or by chemical reaction due to either gas 
permeation through the membrane or gas cross-over through pinholes in the 
membrane) is transferred away by the porous gas diffusion media 10 and 12. 
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However, in the first embodiment of the present invention, the anode and 
cathode electrodes 6 and 8 extend outward from the gas diffusion media 10 and 
12 in order to protect the delicate ionically conductive member 4 from stress and 
puncture. Although electrochemical reaction rates are largely diminished in 
5 regions outside of the diffusion media 10 and 12 (due to poor electronic in-plane 
conduction in the electrodes), heat is still generated due to the catalyst still being 
present and exposed to the gaseous reactants. As the gaseous reactants have 
access to the catalyst, the electrochemical reaction of the fuel cell still 
progresses in the peripheral region 20 that produces heat; particularly in the 
10 case of small membrane pinholes, permeation of either reactant (H 2 or 0 2 ) will 
lead to a chemical reaction producing heat. As such, reducing the catalyst 
content over a gradient between the central region 18 and the peripheral region 
20, preferably down to zero, will reduce and suppress the amount of heat 
generated. 

15 [0040] In the variation of the first embodiment comprising the central 

region 18 and the peripheral region 20, it should be noted that different materials 
may be used for the central region 18 and the peripheral region 20 as long as 
the mechanical properties of each region are essentially the same so that a 
discontinuity in properties is not experienced along the surfaces of the ionically 

20 conductive member 4. 

[0041] Still referring to Figures 3a, 3b, and 4, a second embodiment of 
the present invention will now be described. As best seen in Figure 3, and 
heretofore described above in the first embodiment, the anode electrode 6 and 
cathode electrode 8 comprise a central region 18 and a peripheral region 20. 

25 The central region 18 preferably comprises electrochemically active material, 
carbon or graphite particles and an ionomer binder. The peripheral region 20 
also contains carbon or graphite particles and an ionomer, but in the second 
embodiment, does not contain any electrochemically or chemically active 
material. 

30 [0042] An electrode configuration wherein the peripheral region 20 

contains no electrochemically active material further enhances the thermal 
conductivity characteristics of the peripheral region 20. As there is no (electro- 
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)chemically active material present in the peripheral region 20 of the second 
embodiment, there will be no (electro-)chemical reaction in the peripheral region 
20. As such, heat will not be generated in the peripheral region 20. The 
peripheral region 20 will, however, effectively enhance the conduction of heat 
5 away from the central region 18 of the electrodes 6 and 8 which will enhance the 
operation of the fuel cell. In addition, the peripheral region also provides 
protection of the membrane 4 from mechanical puncture by the diffusion media 
10 and 12. 

[0043] For example, the central region 18 and peripheral region 20 

10 (see Figs. 3 and 5) or 22 (see Fig. 5) may comprise different particles and 
different binders. More particularly, particulate matter such as silicon carbide, 
titanium dioxide, any other ceramics, or any other material that has a sufficient 
thermal conductivity, preferably equal to or greater than carbon, may be used in 
place of carbon or graphite particles in the periperal region 20 or 22. These 

15 particles may or may not be electrically conductive. It is also preferable that this 
particulate matter have a particle size equal to or less than 15 pm, be chemically 
stable in the fuel cell environment (i.e., an acidic environment, at anodic 
potentials (0V vs. RHE) in the presence of H 2 , at cathodic potentials (1.2V vs. 
RHE) in the presence of air or 0 2 , and traces of fluoride), and have a sufficient 

20 thermal conductivity, preferably equal or greater than carbon or graphite particles 

[0044] An example of a binder that may be used in the periperal region 
20 (see Figs. 3 and 5) or region 22 (see Fig. 5) in place of the proton conductive 
binder is polybenzimidazole (PBI). Other binders may be suitable as long as 
they maintain good adhesion with the ionomeric membrane, are chemically 

25 stable in the fuel cell environment (i.e., an acidic environment, at anodic 
potentials (0V vs. RHE) in the presence of H 2 , at cathodic potentials (1.2V vs. 
RHE) in the presence of air or 0 2 , and traces of fluoride), thermally stable up to 
150°C, and preferably up to 200°C, are preferably castable from solutions, and 
maintain good retention of their mechanical properties after the casted films 

30 endure temperature excursions up to 150°C. For example, a polymer binder 
such as PBI, Kynar, polyester, polyethylene, or any other polymer binder suitable 
for a fuel cell environment may be used unitarily. 
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[0045] As was the case in the first embodiment, different materials 
may be used for the central region 18 and the peripheral region 20 besides 
carbon or graphite as long as the mechanical properties of each region are 
essentially the same so that a discontinuity in properties is not experienced 
5 along the surfaces of the ionically conductive member 4 

[0046] Now referring to Figures 5a and 5b, a third embodiment of the 
present invention will be described. As in the first and second embodiments, the 
MEA of the third embodiment preferably comprises a central region 18 of 
electrochemically active material, carbon or graphite particles, and an ionomer. 

10 However, other catalytically active materials as described in the first embodiment 
may be used in region 18. In the peripheral region 20 either uncatalyzed support 
materials of the same nature as in region 18 may be used or other particles and 
binders as described in the second embodiment can be used. The MEA of the 
third embodiment, however, also comprises a sealing region 22 adjacent the 

15 peripheral region 20 (shown in Figure 5a). The sealing region 22 prevents the 
leakage of the gaseous reactants from the fuel cell, and is comprised of a resin 
such as polyvinyl idene fluoride dispersed into part of the peripheral region 20. 
Polyvinylidene fluoride is a thermoplastic resin sold under the tradename Kynar® 
by Elf Atochem. 

20 [0047] Although the addition of the sealing region 22 prevents the 

leakage of the gaseous reactants from the fuel cell, the sealing region 22 also 
provides the benefit of enhancing the mechanical strength and toughness of the 
edges of the MEA assembly such that the ionically conductive member 4 will be 
further protected from stress and puncture from the gas diffusion media 10 and 

25 12 when compressed in a fuel cell stack. The anode electrode 6 and cathode 
electrode 8 each comprise porous carbon or graphite particles as well as 
ionimeric binder and are characterized by a large void volume fraction (50+25%) 
which may enable the escape of the reactant gases. The addition of the sealing 
region 22, comprising the sealing material such as Kynar®, fills these remaining 

30 void areas to provide an increased mechanical strength in addition to more 
effectively sealing the MEA 2 from the lateral escape of the reactant gases. 
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[0048] It should be understood that although Kynar^ is preferred, any 
resin may be used as long as it has a low permeability to gases and liquids and 
is resistant to most chemicals and solvents. Furthermore, any resin one may 
choose should be heat resistant to temperatures greater than 150°C, and more 
5 preferably greater than 200°C, so that it may withstand the harsh fuel cell 
environment. An example of such a resin that may be used, but should not be 
limited to in substitution for Kynar®, is an epoxy resin. 

[0049] Furthermore, as shown in Figure 5b, the resin may also be 
used to coat edges of the diffusion media 10 and 12 to form a seal 54. Coating 
10 the edges of the diffusion media with the seal 54 can therefore eliminate the use 
of gaskets 14 and 16. It should be noted, however, that gaskets 14 and 16 may 
still be utilized in Figure 5b (although gaskets 14 and 16 are not shown) if 
desired. 

[0050] In each of the above embodiments, the central region 18 and 

15 peripheral region 20 may be catalyzed with finely divided catalytic particles so 
that the weight ratio of catalytic particles to carbon or graphite particles of the 
peripheral region 20 is less than that of the central region 18. It is evident that 
where the peripheral region 20 does not contain any catalyst particles and the 
central region 18 is catalyzed, this condition will be met. In the embodiment 

20 where catalytic particles are included in both regions, it is preferable that the 
weight ratio of catalytic particles to carbon particles in the central region 18 is 
greater than that of the peripheral region 20. 

[0051] A method of preparing a MEA 2 according to the present 
invention will now be described. In order to prepare the anode 6 and cathode 8 

25 of the MEA, catalyzed carbon particles are prepared and then combined with the 
ionomer binder in solution with a casting solvent. Preferably, the anode 6 and 
cathode 8 comprise 1/3 carbon or graphite, 1/3 ionomer, and 1/3 catalyst. 
Preferable casting solvents are aqueous or alcoholic in nature, but solvents such 
as dimethylacetic acid (DMAc) or trifluoroacetic acid (TFA) also may be used. 

30 [0052] The casting solution is applied to a sheet suitable for use in a 

decal method, preferably the sheet is a Teflonated sheet. The sheet is 
subsequently hot-pressed to an ionically conductive member 4 such as a PEM. 
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The sheet is then peeled from the ionically conductive member 4 and the 
catalyst coated carbon or graphite remains embedded as a continuous electrode 
6 or 8 to completely form the MEA 2. 

[0053] In order to prepare electrodes 6 and 8 that comprise a central 

5 region 18 and a peripheral region 20, two casting solutions may be employed. 
More particularly, a first casting solution is applied to the sheet suitable for a 
decal method to form the central region 18 of the electrode 6 or 8. The first 
casting solution has a predetermined content of catalytic particles contained 
therein. A second casting solution is then applied to the sheet to peripherally 

10 frame the central region 18 as a peripheral region 20. The second casting 
solution also has a predetermined content of catalytic particles. In accordance 
with the present invention, the second casting solution has content of catalytic 
particles less than the first casting solution, or it may contain no catalyst at all. 
The sheet is then subsequently hot-pressed to a ionically conductive member 4 

15 such as a PEM and then peeled from the ionically conductive member 4 and the 
central region 18 and peripheral regions 20 remain embedded to completely 
form the MEA 2. In an alternate embodiment, the electrode is formed on the 
membrane or on a layer of diffusion media. 

[0054] The second casting solution is applied directly after the first 

20 casting solution has been applied such that the first casting solution has not 
completely dried or solidified. Applying the casting solutions in such a manner 
will ensure that smooth, continuous electrodes 6 and 8 will be formed on the 
ionically conductive member 4 so that there is no discontinuity in the electrodes 
6 and 8. Furthermore, applying the casting solutions in such a manner will allow 

25 the gradient to form between the central region 18 and the peripheral region 20 
of the electrode 6 or 8. In a variation of the above method, it may be preferable 
to apply the first and second casting solutions essentially simultaneously. 

[0055] With respect to a method of preparing an MEA according to the 
third embodiment including the sealing region 22, the present invention should 

30 not be limited to a particular method of applying the sealing region 22. For 
example, the sealing region 22 may be painted or sprayed onto the peripheral 
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region 20 and allowed to fill the remaining void regions. Also, the sealing 
material 22 may be included in the second casting solution. 

[0056] A durability experiment comparing an MEA according to the first 
embodiment of the present invention (Figure 1) with a prior art MEA (Figure 2) 
5 will now be described. The durability experiment measured the average cell 
potential over time for both the MEAs according to the first embodiment of the 
present invention and the prior art MEA. 

[0057] The durability testing was conducted at high-temperature 
accelerated conditions (RH ano de/cathode: 75/50, 200 kpa(g), T s tack: 95°C). Each 

10 MEA utilized a PEM made from a 25 ym thick membrane with 1100 EW 
(equivalent weight) membrane (extruded Nafion 111 in the sulfonylfluoride form 
was purchased from DuPont and ion-exchanged by lonPower, Inc.). These 
membranes (further referred to as N1 11) were chosen based on data from prior 
testing that indicated the N111 membranes were the weakest in terms of 

15 durability. As such, if durability were to be achieved by the improved 
construction of the present invention with a weaker membrane, a more robust 
membrane would exhibit an even greater likelihood of increased durability. 

[0058] Now referring to Figure 6, it can be seen that the prior art MEA 
24 exhibited a lower open circuit cell potential at approximately 45 hours. The 

20 drop in the cell potential for the prior art MEA 24 can be attributed to ohmic 
shorts developing in the MEA 24. These shorts develop when the membrane 30 
is punctured by the porous fibers of the gas diffusion media 38 and 40 and by 
the membrane 30 being stressed due to compression of the MEA 24. At later 
time (ca. 80 hours), pinholes in the membrane 30 develop, worsening overtime 

25 and leading to MEA failure. 

[0059] Comparing open-circuit potentials (OCV) with equal reactant 
pressures against OCV with anode (H 2 ) pressure higher than cathode (air) 
provides a valuable insight into pinhole formation. If the OCV with a pressure 
differential dropped in comparison to OCV with equal pressures, it indicates that 

30 there is significant H 2 crossover, i.e pinhole formation. As can be seen in Figure 
6, severe pinholes develop in the prior art membrane 30 at approximately 80-90 
hours. In contrast, the MEA 2 according to the first embodiment of the present 
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invention exhibits a healthy cell potential up to 175 hours, whereupon gasket 
failure (puncture of the membrane at the gasket ege) occurred which would not 
occur in an optimized fuel cell hardware. 

[0060] Upon completion of the experiment, both the prior art MEA 24 
5 and the MEA 2 according to the first embodiment of the present invention were 
disassembled. The prior art MEA 24 had severe pinhole damage at the 
electrode-membrane and diffusion media-membrane edges. The MEA 2 of the 
first embodiment of the present invention, wherein the electrodes 6 and 8 are 
extended to cover and support the membrane 4, had no damage evident Each 
10 failure in MEA 2 was only at the gasket edge and would not occur in optimized 
fuel cell hardware. As such, it is evident that the improved MEA construction of 
the present invention provides enhanced protection and support of the 
membrane. 

[0061] As can be seen, the invention provides a membrane electrode 

15 assembly wherein the electrode has a peripheral extent preferably at least as 
great as the membrane, and preferably is essentially continuous, so as to avoid 
difficulties with the hinge effect and difficulties with stepwise differences in 
height, as described herein with regard to figure 2. Preferably the electrode of 
the present invention has a major surface which is at least as great or essentially 

20 co-extensive with the major surface of the membrane which it supports. In this 
arrangement, the electrode functions to minimize flexing of the membrane by 
avoiding the hinge effect heretofore present on the basis of discontinuity 
between layers and height differences between layers which would lead to non- 
uniform compression and compressive creep of the membrane. 

25 [0062] The electrode of the invention is conveniently cast by 

conventional means to form an electrode film. In the electrochemical active 
regions of the electrode film, catalyst particles catalyze electrochemical reaction 
between fuel and an oxidant. In peripheral regions of the film adjacent the active 
area, the catalyst content is less or such peripheral areas are essentially devoid 

30 of catalyst. The term catalyst content refers to less catalyst per unit weight of 
cast film area or less weight ratio of catalyst particles to carbon particles. In 
either case, the catalyst loading in the active area is relatively high and the 
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catalyst loading in the peripheral, non-active area, is low or essentially zero. 
Preferably, where the continuous film is formed by application of a first casting 
solvent, which contains a high catalyst loading, and a second casting solvent 
which does not contain catalyst, and where the second casting solution is 
5 applied before the first casting solution has completely dried to form a film or has 
not yet cured. Such continuous film of essentially equivalent height throughout is 
formed and having a gradient of catalyst loading from the active area through the 
peripheral area. Further, depending on the degree to which the first casting 
solution has cured before the second casting solution is applied, an interface 

10 area may be formed between the active region and the peripheral region, having 
an intermediate catalyst content which essentially drops to zero at the far edge 
of the peripheral area. 

[0063] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 

15 to be within the scope of the invention. Such variations are not to be regarded 
as a departure from the spirit and scope of the invention. 
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CLAIMS 

What is claimed is: 

1 . An assembly for a fuel cell comprising: 
5 an ionically conductive membrane having a major surface; 

an electrode adjacent said major surface and having a peripheral extent 
essentially the same as said major surface, said electrode, including a central 
region, and a peripheral region; 

said central region comprising a binder and a first group of particles and 
10 said peripheral region comprising a binder and a second group of particles; and 

wherein said first group of particles is catalyzed, and said second group of 
particles is uncatalyzed or has a catalyst content less than the catalyst content of 
said first group of particles. 

15 2. The assembly according to claim 1, wherein said catalyzed 

particles are catalyzed carbon particles, and said binder of said central and 
peripheral regions is the same. 

3. The assembly according to claim 2, wherein said carbon particles 
20 have a particle size equal to or less than 1 5 jjm. 

4. The assembly according to claim 2, wherein said catalyst is 
selected from the group consisting of platinum, palladium, titanium, ruthenium, 
rhodium, tungsten, tin, molybdenum, and alloys thereof. 

25 

5. The assembly according to claim 1, wherein said central region 
and said peripheral region each provide substantially similar mechanical support 
to the ionically conductive member, thereby minimizing flexing of said 
membrane. 

30 

6. The assembly according to claim 1, which further comprises an 
electrically conductive member adjacent to said electrode, said electrically 
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conductive member is a gas diffusion medium selected from the group consisting 
of carbon cloth, carbon foam, and carbon paper. 

7. The assembly according to claim 1, wherein said peripheral region 
is thermally conductive. 

8. The assembly according to claim 1, wherein said electrode is in the 
form of a continuous layer, and said peripheral region encompasses said central 
region. 

9. The assembly according to claim 5, wherein said peripheral region 
minimizes contact between said electrically conductive member and said 
membrane. 

10. The assembly according to claim 1 , wherein said peripheral region 
is electrically conductive. 

11. The assembly according to claim 2, wherein said membrane 
comprises a polymeric ionomer which is the same as said binder of said central 
and peripheral region. 

12. A membrane electrode assembly comprising: 

an ionically conductive membrane having a major surface; 

an electrode at said major surface, said electrode defining a continuous 
layer supporting said membrane and comprising a central region and a 
peripheral region; and 

wherein a gradient of electrochemically active material exists between 
said central region and said peripheral region such that a content of said 
electrochemically active material is greater in said central region than said 
peripheral region. 
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13. The membrane electrode assembly according to claim 12, wherein 
said electrode restricts movement of said membrane. 

14. The membrane electrode assembly according to claim 12, wherein 
5 said electrode layer further comprises a sealing region outboard of said 

peripheral region, wherein said central, peripheral and sealing regions 
collectively form said continuous layer and provide continuous, consistent 
mechanical support to the membrane, thereby minimizing flexing of said 
membrane. 

10 

1 5. The membrane electrode assembly according to claim 1 2, which 
further comprises an electrically conductive member adjacent said electrode, 
and wherein said electrode layer maintains said electrically conductive member 
spaced from said ionically conductive member. 

15 

1 6. An assembly for a fuel cell comprising: 

a proton exchange membrane with a first surface and a second surface; 
an anode electrode disposed at said first surface; 

a cathode electrode opposing said anode, and disposed at said second 
20 surface; 

gas diffusion media disposed at said anode and cathode, 
said anode electrode and said cathode electrode each comprising a 
central region and a peripheral region; 

said central region including an electrochemically active material; and 
25 said peripheral region including a thermally conductive material and a 

sealing material; and 

wherein said anode and said cathode are each in the form of continuous 
layers that support said proton exchange membrane, minimize flexing of said 
membrane, and prevent said gas diffusion media from contacting said proton 
30 exchange membrane. 
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17. The assembly according to claim 17, wherein said 
electrochemically active material comprises a plurality of catalyst-coated 
particles dispersed in an ionomer. 

5 18. The assembly according to claim 17, wherein said thermally 

conductive material comprises a plurality of particles dispersed in an ionomer. 

19. The assembly according to claim 20, wherein said thermally 
conductive material is also electrically conductive. 

0 

20. The assembly according to claim 17, wherein said sealing material 
is a thermoplastic resin. 

21 . The assembly according to claim 1 , wherein said thermally 

5 conductive material is adjacent to said central region and said sealing material is 
outboard of said thermally conductive material. 

22. A method for manufacturing an electrode for a membrane 
electrode assembly, comprising: 

applying a first casting solution to a first region on a surface of a 
substrate, said first casting solution comprising carbon particles and an ionomer; 

applying a second casting solution to a second region of said surface of 
said substrate, said second casting solution comprising carbon particles and an 
ionomer; 

wherein said first region is a centrally located region on the surface of said 
substrate, and said second region is outboard of said centrally located region on 
the surface of said substrate; 

wherein said first solution comprises catalyst and said second solution 
has less catalyst content than said first solution; and 

drying each of said applied solutions to form a continuous electrode film. 
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23. The method of claim 22 wherein said second casting solution is 
applied before said first casting solution has dried to a film. 

24. The method of claim 22 wherein said second solution does not 
5 contain catalyst. 

25. The method of claim 22 wherein said substrate is an ionically 
conductive membrane. 

10 26. The method of claim 22 wherein said continuous electrode film is 

removed from said substrate and then pressed to an ionically conductive 
membrane, thereby forming a membrane electrode assembly. 
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Figure 1 




Figure 2 
Prior Art 
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Figure 3b 
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Figure 5a 




Figure 5b 
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